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TITLE 

FIXED CANARD 2-D GUIDANCE OF ARTILLERY PROJECTILES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Not Applicable 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

Not Applicable 


BACKGROUND OF THE INVENTION 

15 This invention relates generally to a guidance system and more 

particularly to a guidance system for an artillery projectile. 

Delivery errors are known to significantly degrade the effectiveness of 
artillery projectiles. Adding guidance capability to the fuze mounted at the nose of the 
projectile is highly desirable because it can be used to retrofit legacy hardware. However, 
20 the packaging volume is very limited. 

Prior guidance systems utilizing canards have been proposed See for 
example the following patents: 
US 4373688; 
US 4438893; 
25 US 4512537; 

US 4568039; 
US 5425514, and 
US 6502786. 

However, many of the prior systems utilize canard actuators, which 
30 require substantial volume and/or the designs have significantly added to the cost of the 
fuze. 

What is needed is a simple guidance system which fits within the existing 
package volume and which is relatively inexpensive compared to prior guidance systems 
for artillery projectiles. 

35 Without limiting the scope of the invention a brief summary of some of 


5 the claimed embodiments of the invention is set forth below. Additional details of the 
summarized embodiments of the invention and/or additional embodiments of the 
invention may be found in the Detailed Description of the Invention below. 

A brief abstract of the technical disclosure in the specification is provided 
as well only for the purposes of complying with 37 C.F.R. 1.72. The abstract is not 
10 intended to be used for interpreting the scope of the claims. 

All US patents and applications and all other published documents 
mentioned anjwhere in this application are incorporated herein by reference in their 
entirety. 

15 BRIEF SUMMARY OF THE INVENTION 

Applicants have invented a guidance system for guiding a projectile, the 
projectile having a body portion capable of being spun in a first direction and a nose 
portion connected to the body portion by a spin control coupling, the nose portion being 
capable of being spun in a second direction. The nose portion including first and second 

20 aerodynamic sxirfaces fixedly attached to the nose portion and configured and arranged to 
cause the nose portion to spin in a second direction dxiring projectile flight. The nose 
portion including third and fourth aerodynamic surfaces fixedly attached to the nose 
portion, which are configured and arranged such that when the nose portion is spinning 
the third and fourth aerodynamic surfaces have no net effect on projectile flight, but when 

25 the nose portion is despun using the spin control coupling, the third and fourth 

aerodynamic surfaces induce both a moment and a lateral force to the nose, causing the 
projectile flight path to change. 

In a preferred embodiment of the invention the aerodynamic surfaces are 
arranged in two pairs, a pair of spin canards and a pair of steering canards. The spin 

30 canards are mounted 1 80° apart on the nose portion of the projectile, in the 0° and 1 80° 
positions, and the steering canards are mounted 180° apart on the nose portion of the 
projectile, in the 90° and 270° positions. 

In a preferred embodiment the spin canards are differentially canted, one 
in the first direction and the other in the second direction. In the preferred embodiment 

35 each spin canard is differentially canted 4°, although the spin canards could be canted at 
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5 any desired angle, and each at a different angle, if desired, so long as the spin canards 
enabled the despun nose section to respin. 

In a preferred embodiment the steering canards each have a 4° cant angle, 
although the steering canards could be canted at any desired angle, and each at a different 
angle, so long as the steering canards enabled the steering of the projectile. 

10 The projectile further includes a navigation system which is connected to 

the spin control coupling, the navigation system using the spin control coupling to despin 
the nose portion to make a course correction, then using the spin control coupling to 
allow the nose portion to freely rotate, whereupon the first and second canards cause the 
nose portion to respin in the second direction. 

15 These and other embodiments which characterize the invention are pointed 

out with particularity in the claims annexed hereto and forming a part hereof However, 
for a better understanding of the invention, its advantages and objectives obtained by its 
use, reference should be made to the drawings which form a further part hereof and the 
accompanying descriptive matter, in which there is illustrated and described a 

20 embodiments of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 

A detailed description of the invention is hereafter described with specific 
reference being made to the drawings. 
25 Figure 1 is a front view of the nose portion of the projectile; 

Figure 2 is a side view of the nose portion of the projectile, and 
Figure 3 is a cross-section view of the projectile. 

DETAILED DESCRIPTION OF THE INVENTION 

30 While this invention may be embodied in many different forms, there are 

described in detail herein specific preferred embodiments of the invention. This 
description is an exemplification of the principles of the invention and is not intended to 
limit the invention to the particular embodiments illustrated. 

For the purposes of this disclosure, like reference numerals in the figures. 

35 shall refer to like features imless otherwise indicated. 
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5 The inventive 2-Dimensional (2-D) guidance system is designed for use 

on spin-stabilized projectiles that spin at high rates (150 to 300 Hz) and on rolling 
airframe tail-fin stabilized projectiles that spin at much lower rates (2 to 50Hz). The 2-D 
guidance system provides a maneuver capability to adjust the final impact point in both 
range and deflection and, for conventional projectiles, is installed in place of a standard 

10 nose fuze. The 2-D guidance system has a standard threaded interface to allow it to be 
screwed into the projectile fuze well. 

Referring now to Figures 1 and 2, the 2-D guidance system consists of two 
sections, which are the nose assembly 10 and the fiize sleeve 1 1 (best seen in Figure 2). 
The fuze sleeve and nose assembly are connected by a set of bearings, forward bearing 13 

15 and rear bearing 15 (best seen in Figure 3) that allows the two sections 10 and 1 1 to rotate 
independently. The fuze sleeve 11, threaded into the standard fuze well, is physically 
connected to the projectile. This causes the fuze sleeve 1 1 to rotate in the same direction 
and with the same spin rate as the spin-stabilized projectile after it is fired from a rifled- 
barrel cannon or a tail-fin stabilized projectile after launch from a rifled-barrel or smooth- 

20 bore cannon. Attached to the nose assembly 10 is a set of fixed aerodynamic surfaces. In 
one implementation, these surfaces are fom small canards or fins that are connected to the 
nose assembly at fixed cant angles and located 90 degrees apart aroimd the circumference 
of the nose assembly. The canards are arranged in pairs to perform separate and distinct 
functions. The first pair, the spin canards 12 and 14, are located in the 0 and 180 degree 

25 positions. The spin canards 12 and 14 are differentially canted in a manner to create a 

torque of sufficient magnitude to overcome the friction of the bearings and cause the nose 
assembly to rotate in a direction opposite of the projectile spin. This is due to 
aerodynamic forces on the canards created by the air stream as the projectile flies through 
the atmosphere. The canard size and cant angle are designed to ensure counter-rotation 

30 through-out the entire flight regime for all expected launch velocities, launch angles, and 
atmospheric conditions when the nose assembly is allowed to rotate freely. Although the 
cant angle can be any desired angle, including each being at a different angle, in one 
embodiment canard 12 is canted 4° counterclockwise and canard 14.is canted 
4*'clockwise. 

35 The second pair of canards, the steering canards 16 and 18 are located in 


the 270 and 90 degree positions, are the steering canards and are canted in the same 
direction so that they create lift. Again, although the cant angle can be any desired angle, 
including each being at a different angle, in one embodiment both canards 16 and 18 are 
canted at a 4° angle. For steering, the nose assembly is de-spun and held inertially stable 
in a desired roll position to allow the lift generated by the steering canards to impart a 
force on the nose of the projectile. This creates an angle-of-attack and a subsequent 
change in the flight path. In a bank-to-tum approach, steering is accomplished by 
stabilizing the nose assembly at the appropriate roll angle to create lift in a desired 
direction. The canard size and cant angle are designed to provide the desire maneuver or 
control authority. As a complete set, the canard size and cant angles are also designed to 
minimize additional drag and any associated loss in range. 

Referring now to Figure 3, it can be seen that the nose assembly 10 
includes a nose skin section 19 to which all four canards 12, 14, 16 and 18 are attached. 
Forward bearings 13 and rear bearings 15 allow section 19, the portion of the nose 
assembly containing all four canards to despin and respin relative to the fuze sleeve 
section 1 1, the internal electronics assembly 30 and the radome 21 of the nose assembly. 
The fuze sleeve section 1 1, radome 21 and the electronics inside the nose assembly 
(discussed more fully below) rotate with the projectile body while the nose section 19 
portion of the nose assembly spin oppositdy to the projectile body and can be despun and 
respun. 

Another important feature of this system is the method used to de-spin the 
nose section 19. Because of the counter-rotation, all that is required to de-spin the nose 
section 19 is a means to reduce its rotation rate until it is stabilized in the desired roll 
attitude. This de-spin function is provided by an altemator and variable-resistance load 
system 22. The altemator consists of an armature 20 and a set of fixed magnets 24. The 
armature 20 is mounted to the fiize sleeve 1 1 so that it rotates with the projectile body, 
along with the radome 21 and fuze sleeve 1 1, while the magnets 24 are mounted to the 
nose section 19, which spins oppositely to the projectile body. As the armature 20 and 
fixed magnets 24 rotate relative to each other the altemator generates a voltage and a 
current output that is applied to the variable-resistance load system 22. The current 
flowing in the armature windings 20 creates an electromotive force that gmerates a 
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5 torque that resists the torque from the spin canards 12 and 14. The variable-resistance 
load system 22 can be adjusted to cause an increase or decrease in the current flowing 
through armature windings 20 and therefore an increase or decrease in the opposing 
torque. Less resistance in the load 22 causes more current flow and more opposing torque 
so the spin rate of the nose section 19 is reduced. Increasing the resistance causes less 

10 current flow and therefore less opposing torque so the spin rate of the nose section 19 will 
increase. The variable load 22 is continuously adjusted in real-time by the 2-D guidance 
system to de-spin the nose section 19 and stabilize the steering canards 16 and 18 in the 
proper roll attitude to achieve a desired maneuver. 

The nose assembly 10 also includes electronics 30 in the form of a 

15 plurality of circuit cards, two of which make up the GPS receiver, as is well known in the 
prior art. The electronics 30 also includes a circuit card(s) which make up the Height of 
Burst RF Proximity Sensor (RF HOB), which is also well known in the prior art. The 
electronics 30 also includes an onboard computer. The electronics 30 also includes the 2- 
D guidance system, where the GPS receiver provides a navigation function that provides 

20 real-time updates of the projectile position and velocity. However, a combined GPS/INS 
system or any other combination of navigation sensors capable of providing the required 
navigation accuracy could also be used, all of which are well known in the art With an 
on-board navigation capability the desired target location or point of impact is loaded into 
the 2-D guidance system prior to launch (or after launch if an uplink channel is provided) 

25 and the on-board computer generates steering commands to adjust the flight path of the 
projectile in a manner to minimize the impact location error relative to the 
preprogrammed target location. In another possible implementation the steering 
commands could be generated by an on-board seeker system that locates and selects a 
target that could be stationary or moving. Steering commands could also be provided to 

30 the 2-D guidance system via an uplink from a ground or airborne tracking system that 
could monitor the trajectory of the projectile. In real-time the tracking system would 
predict the impact errors, determine the required adjustments, and send commands to the 
2-D guidance system to correct the flight path. 

The nose assembly 10 contains a fuze and navigation system, both of 

35 which are well known in the art. The nose assembly 10 is designed to screw onto a 
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5 legacy projectile so that older artillery projectiles can be retro-fitted with the improved 2- 
D fixed canard guidance system. 

The above disclosure is intended to be illustrative and not exhaustive. 
This description will suggest many variations and altematives to one of ordinary skill in 
this art. All these altematives and variations are intended to be included within the scope 

10 of the claims where the term "comprising" means "including, but not limited to" . Those 
familiar with the art may recognize other equivalents to the specific embodiments 
described herein which equivalents are also intended to be encompassed by the claims. 

Further, the particular features presented in the dependent claims can be 
combined with each other in other manners within the scope of the invention such that the 

15 invention should be recognized as also specifically directed to other embodiments having 
any other possible combination of the features of the dependent claims. For instance, for 
purposes of claim publication, any dependent claim which follows should be taken as 
alternatively written in a multiple dependent form fi*om all prior claims which possess all 
antecedents referenced in such dependent claim if such multiple dependent format is an 

20 accepted format within the jxirisdiction (e.g. each claim depending directly fi-om claim 1 
should be altematively taken as depending firom all previous claims). In jurisdictions 
where multiple dependent claim formats are restricted, the following dependent claims 
should each be also taken as altematively written in each singly dependent claim format 
which creates a dependency fi-om a prior antecedent-possessing claim other than the 

25 specific claim listed in such dependent claim below. 

This completes the description of the preferred and alternate embodiments 
of the invention. Those skilled in the art may recognize other equivalents to the specific 
embodiment described herein which equivalents are intended to be encompassed by the 
claims attached hereto. 


